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INTRODUCTION
The anaerobic digestion of plant biomass profoundly shapes innumerable ecosystems, 64 ranging from the gastrointestinal tracts of humans and other mammals to those that drive 65 industrial applications such as biofuel generation. Biogas reactors are one of the most 6 BALI treated Norway spruce (Rødsrud et al., 2012) . After an initial growth cycle, an aliquot 141 was removed and serially diluted to extinction. Briefly, a 100µl sample was transferred to a 142 new bottle of anaerobic medium, mixed and 100µl was directly transferred again to a new 143 one (six serial transfers in total). The consortium at maximum dilution that retained the 144 cellulose-degrading capability (SEM1b) was retained for the present work, and aliquots 145 were stored at -80°C with glycerol (15% v/v). In parallel, continuous SEM1b cultures were 146 maintained via regular transfers into fresh media (each generation incubated for ~2-3 days).
148
Metagenomic analysis 149 Two different samples (D1B and D2B) were taken from a continuous SEM1b culture and 150 were used for shotgun metagenomic analysis. D2B was 15 generations older than D1B and 151 was used to leverage improvements in metagenome assembly and binning. From 6ml of 152 culture, cells were pelleted by centrifugation at 14000 x g for 5 minutes and were kept frozen 153 at -20°C until processing. Non-invasive DNA extraction methods were used to extract high 154 molecular weight DNA as previously described (Kunath et al., 2017) . The DNA was quantified 155 using a Qubit™ fluorimeter and the Quant-iT™ dsDNA BR Assay Kit (Invitrogen, USA) and the 156 quality was assessed with a NanoDrop 2000 (Thermo Fisher Scientific, USA). (Takahashi et al., 2014) . The PCR was performed as previously described (Zamanzadeh et 162 al., 2016) and the sequencing library was prepared using Nextera XT Index kit according to 163 Illumina's instructions for the MiSeq system (Illumina Inc.). MiSeq sequencing (2x300bp 164 with paired-ends) was conducted using the MiSeq Reagent Kit v3. The reads were quality 165 filtered (Phred ≥ Q20) and USEARCH61 (Edgar 2010) against their pan genome generated using Roary (Page et al., 2015) . , 4, 5, 6, 14, 15, 16, 18, 22 and 24, and RpS3, 8, 10, 17 and 19) (Hug et al., 2016) . The dataset 233 was augmented with metagenomic sequences retrieved from our previous research on the as T0, T1, T2, T3, T4, T5, T6, T7 and T8, respectively. DNA for 16S rRNA gene analysis was 252 extracted (as above) from T1 to T8 and kept at -20°C until amplification and sequencing, and 253 the analysis was performed using the protocol described above. Due to low cell biomass at 254 the initial growth stages, sampling for metatranscriptomics was performed from T2 to T8.
255
Sample aliquots (6 ml) were treated with RNAprotect Bacteria Reagent (Qiagen, USA) 256 following the manufacturer's instructions and the treated cell pellets were kept at -80°C until 257 RNA extraction.
259
In parallel, metadata measurements including cellulose degradation rate, monosaccharide 260 production and protein concentration were performed over all the nine time points (T0-T8).
261
For monosaccharide detection, 2 ml samples were taken in triplicates, centrifuged at 16000 262
x g for 5 minutes and the supernatants were filtered with 0.2µm sterile filters and boiled for 10 15 minutes before being stored at -20°C until processing. Solubilized sugars released during 264 microbial hydrolysis were identified and quantified by high-performance anion exchange 265 chromatography (HPAEC) with pulsed amperiometric detection (PAD). A Dionex ICS3000 whereas 21482 (54%) were expressed and could be reliably quantified due to unique hits 336 (reads mapping unambiguously against one unique ORF) ( Figure S1A) . The remaining 2584 337 ORFs (6%) were expressed, but identified only with shared hits (reads mapping 338 ambiguously against more than one ORF, resulting in an unreliable quantification of the 339 expression of each ORF) (Figure S1B) . Since having unique hits improves the expression 340 estimation accuracy, the ORFs were grouped using mmseq in order to improve the precision The expression groups were clustered using hierarchical clustering with Euclidean distance. (Figure 2, Table S2-S3 ).
379
16S rRNA gene analysis showed that the SEM1b consortium was co-dominated by OTUs 380 affiliated to the genera Clostridium (52%) and Coprothermobacter (41%), with closest 381 representatives identified as Clostridium (Ruminiclostridium) thermocellum, an 382 uncharacterized Clostridium spp. and three Coprothermobacter phylotypes (Table S2) .
383
Previous meta-omic analysis on the parent Frevar reactor, revealed a multitude of 384 numerically dominant C. proteolyticus strains, which created significant assembly and 385 binning related issues (Hagen et al., 2017) . In this study, multiple oligotypes of C. 386 14 proteolyticus were also found ( Table S2) . We therefore sought to isolate and recover axenic 387 representatives to complement our meta-omic approaches, and using traditional anaerobic 388 isolation techniques, we were successful in recovering two novel axenic strains (hereafter 389 referred to as BWF2A and SW3C). The genomes of BWF2A and SW3C were sequenced and 390 assembled and subsequently incorporated into our metagenomic and metatranscriptomic 391 analysis below. 
394
Concatenated ribosomal protein tree of reference isolate genomes (green), MAGs from the previous Frevar 395 study (blue, Hagen et al., 2017) and MAGs and isolate genomes recovered in this study (red). Average community structure similar to the one observed by 16S analysis (Figure 2, Table S3 ). A (Table S4 ). RCLO1 in particular encoded cellulolytic (e.g. glycosyl hydrolase 420 (GH) families GH5, GH9, GH48) and cellulosomal features (dockerins and cohesins), whereas 421 CLOS1 appears more specialized towards hemicellulose degradation (e.g. GH3, GH10, GH26, 422 GH43, GH51, GH130). Surprisingly, CAZymes were also identified in COPR1 (n=30) and both 423 BWF2A (n=37) and SW3C (n=33) at levels higher than what has previously been observed in 424 C. proteolyticus DSM 5265 (n=14) ( Table S4) . Several MAGs were also affiliated with other 425 known lineages associated with biogas processes, including Tepidanaerobacter (TEPI1-2),
426
Synergistales (SYNG1-2), Tissierellales (TISS1) and Methanothermobacter (METH1). Table S6 ). In several instances, expressed CAZymes from BWF2A and SW3C could be 518 distinguished from their original sources (i.e. C. thermocellum and/or F. nodosum), but could 519 not be resolved between the two strains and/or the COPR1 MAG. For example, all GHs within 520 region-A could be identified as expressed by at least one of the isolated strains but could not 521 be resolved further between the strains. In contrast, the GH9-doc and GH8-doc ORFs were 522 unambiguously expressed and could not be resolved between BWF2A and SW3C and the 523 RCLO1 MAG, whereas GH8, GH18 and CBM3 ORFs were expressed by at least one of the C. 524 proteolyticus strains but could not be resolved further.
526
From the CAZymes subset of expression groups, a cluster analysis was performed to reveal 527 eight expression clusters (I-VIII, Figure 4B) . Clusters I and II comprised 13 and 10 528 expression groups (respectively) and followed a similar profile over time (Figure 4C) , 529 increasing at earlier stages (T2-3) and again at later stationary/death stages (T6-8). Both were high at initial stages of the SEM1b life-cycle when cell debris was likely present in the 536 inoculum that was sourced from the preceding culture at stationary phase (Figure 4A) . At 537 T2, the abundance of C. thermocellum-affiliated populations (OTU-1) was observed to 538 outrank C. proteolyticus as the community predictably shifted to cellulose-utilization.
539
However, towards stationary phase (T6-8) when dead cell debris is expected to be 540 increasing, expression levels in clusters I and II were maintained at high levels (Figure 4B) , 541 which was consistent with high C. proteolyticus 16S rRNA gene abundance at the same time-542 points.
544
Cluster IV, which was the second largest with 161 expression groups, was enriched with the 545 RCLO1 MAG that was closely related to C. thermocellum. As expected, numerous expressed 546 genes in cluster IV were inferred in cellulosome assembly (via cohesin and dockerin 547 domains) as well as cellulose (e.g. GH5, GH9, GH44, GH48, CBM3) and hemicellulose (e.g.
548
GH10, GH26, GH43, GH74) hydrolysis (Table S6 ). This cluster was increasing throughout the 549 consortium's exponential phase (time points T1-4, Figure 4A ), whilst 16S rRNA data also 550 shows C. thermocellum-affiliated populations at high levels during the same stages ( Figure   551 4A). Interestingly, the BWF2A and SW3C GH18-doc was also found in cluster IV. A GH9-doc 552 and GH8-doc encoded in BWF2A and SW3C were also expressed, however they exhibited 99-
553
100% identity to C. thermocellum representatives (Table S5 ) and formed expression groups 554 without unique hits, hence they were not part of the clustering (Table S6) . Since 555 cellulosomal genes are seemingly expressed collectively in order to facilitate coordinated 556 assembly, finding the GH18 in the same cluster is not overly surprising. However, the fact 557 that the gene is expressed by a different bacterium to the one creating the bulk of the 558 cellulosome machinery (i.e. RCLO1) makes it extremely interesting and supports the 559 possibility that "multi-species" cellulosomes putatively exist. Although species-specific high- 
575
Bacteria that are statistically enriched (p-value < 0.01) in the clusters are displayed in the subpanels.
577
ORFs from both BWF2A and SW3C as well as CLOS1 were enriched in cluster VI, which was 578 determined as the largest with 193 expression groups. CLOS1 in particular expressed many 579 22 genes involved in hemicellulose deconstruction (e.g. GH3, GH5, GH10, GH29, GH31, GH43 580 and GH130) and carbohydrate deacetylation (e.g. CE1, CE4, CE7, CE9, CE12) ( Table S6 ).
581
Expressed cluster VI genes from C. proteolyticus -affiliated genomes/MAGs were also 582 inferred in hemicellulose-degradation, including GH3, GH16, GH74, CE1, CE4, CE9 and CE10 583 (Table S6 ). In particular, the GH16 and GH3-encoding ORFs from region-A within BWF2A 584 and SW3C were detected in cluster VI, which reaffirms our earlier predictions that certain C. 
